To ensure energy continuity in the interconnected power systems, production and consumption amounts should be in balance, and that can be possible by providing constant voltage and frequency. Otherwise, undesirable large dynamic oscillations, voltage collapse may occur, and the quality of the electrical energy deteriorates. In this study, the power system of the Denizli Region in the Western Mediterranean Region is modeled using realistic national data. The simulation study is carried out to obtain the voltages, active and reactive powers of buses in the case of no-fault and fault occurrence. Using FACTS (Flexible Alternating Current Transmission Systems) technology such as SVC and STATCOM, the power systems can be controlled, and the carrying capacities can be improved within specified limits. Facts devices are capable of producing and consuming reactive power depending on immediate needs, safe and operating flexibility, and having a high reaction time in the simulation studies. The maximum load limits are increased, and the control of the power system is facilitated. STATCOM provides 31.09 % more achievement with respect to SVC device at energy production and consumption rates for the modeled pilot region. The reliability of the power system has been increased against a voltage collapse, thanks to the SVC and STATCOM controllers. Furthermore, the voltage stability of the generator is also raised, and correspondingly the capacity of the power system enhances. The results are compared to the existing system, and the obtained improvements may be assessed for the enhancement of the interconnected network grid of Turkey.
I. INTRODUCTION
OWER ELECTRONICS-BASED Flexible Alternating Current Transmission Systems (FACTS) are used for active power, reactive power, impedance, and voltage control in power systems. In the recent years, flexible AC transmission system (FACTS) technology has been used in efficient energy utilization, demand control, power quality enhancement, harmonic mitigation, voltage regulation, reactive power compensation, transient and steady state voltage stability enhancement, power loss reduction, power conditioning and quality improvement [1, 2, 3, 4] . The emerging use of renewable and distributed generation has accelerated and expanded the role of power electronic devices for efficient electrical utilization and enhanced security and reliability of the electric utility grid [5] . Also, new applications have emerged for standalone microgrids with regards to renewable energy utilization using solar photovoltaic (PV) systems, microhydroelectric systems, the wind, biomass, waste-to-energy and hybrid ac-dc sources with battery energy storage for remote villages [6] . Renewable energy sources (RESs) are utilized at an accelerating rate and connected to both transmission and distribution/utilization systems using power electronic converters. This results in increased harmonics and deterioration of power quality at the point of common coupling. Power quality issues and mitigation have emerged as serious challenges and issues facing electric utilities and industrial/commercial/residential users [7] .
Various FACTS devices and control strategies can help to mitigate power quality problems. For efficient use of power system resources, the concept of FACTS has been introduced in the late 1980's. The basic concept of FACTS devices has been based upon the use of high-voltage power electronics to control real and reactive power flow and voltage in the transmission system [8] . Extensive research has focused on new topologies and architectures of voltage-source converters (VSCs) to increase the performance of FACTS devices in transmission and distribution systems and consequently enhance power system security [9, 10] . FACTS devices and smart control strategies have been gaining a more prominent role in energy generation from renewable sources [11] . The results of the implementation of FACTS devices in smart grids with renewable systems are encouraging [12, 13] . Determining the location and size of FACTS devices which provide important benefits in power flow control, increasing transmission transfer capacity, voltage stability, reactive power control is of great importance both technically and economically. The voltage regulation is provided by the help of FACTS devices to prevent the system from operating under Simulation study is carried out using national data of the realistic pilot region and the results are compared to the current system and the benefits may be evaluated for the improvement of the Turkish interconnected system. The aim of the study is minimizing losses and providing voltage and reactive power control by using FACTS technology instead of the existed capacitor groups or reactors which have pretty long reaction times. The usage and development of FACTS in power transmission systems brings many applications to improve the stability of power systems [14] . They may be used to increase the stability of the system and control the power flow. The most significant advantages of such devices are their flexibility and controllability [15] . Their applications are generally concentrated on issues such as increasing voltage stability, damping oscillations, voltage control in power systems and improving stability of power systems. These applications can be made by checking the voltage value and the phase angle [16] .
Reactive compensation using STATCOM and DGM-STATCOM (Pulse Width Modulation Static Synchronous Compensator) devices were performed in Coteli's study to compare the controller performances of both devices. The simulation study shows that STATCOM responds very quickly to unexpected sudden voltage variations [17] . A methodology for introducing FACTS models into the energy transmission network using DIG-SILENT Power Factory program was disclosed in Cepeda et al's study [18] . The application methodology SVC, TCSC, SSSC, and STATCOM for the application of DIG-SILENT Power Factory to the stability studies of electrical power systems involves four stages. The SVC, TCSC (Thyristor Controlled Series Capacitor), SSSC (Static Synchronous Series Compensator), and STATCOM models are properly applied into the system and the contribution of FACTS devices in improving the stability of the power system were denoted.
In the literature, the studies on FACTS technology of power systems have been mostly carried out by classifying the FACTS controllers. However, feasibility studies have not been already carried out by using FACTS technology for the realistic power system model, which is constructed with realistic values by taking into account all parameters for the energy transmission system which is the novelty of this study.
II. METHOD AND MODELING

A. Load Flow Analysis
In the feasibility studies of the modelled region, the power system elements such as transformers, capacitors, reactors and FACTS devices used in electrical power systems, which play an active role in electrical networks, are analyzed by performing load flow algorithms.
The effects of generators, non-linear loads, and other devices connected to the grid nodes are reflected in the node current. Constant impedance loads (linear) are also included in the node admittance matrix. In the formation of node equations, the equation will be linear if I current inputs are known in nonlinear power flow equations. The current inputs depend on the P, Q and V parameters in any k node:
Where, P and Q are specified for load bus bars and P and V ̌ are defined for voltage-controlled bus bars. For other node types, the relations between P, Q, V ̌ and I ̌ are defined by the characteristics of the devices connected to those nodes. The boundary condition problems brought about by various types of nodes is turned into a nonlinear problem and solved iteratively using Fast-Decoupled Newton-Raphson Method which is an accelerated version of the Newton-Raphson Method [19] .
In order to further reduce the calculation time of the Fast-Decoupled Method, the Jacobian matrix is created according to the initial conditions and the Fast-Decoupled method with constant Jacobian is going to be applied during the calculation.
In this study, dynamic load flow analysis is performed under discontinuously distributed generation, and variable power demand situations and hourly changes of electrical parameters of busbars are calculated. Thus, the effects of distributed generation, which is formed from sources showing production discontinuity, on the voltage and power factor stability of busbars can be analyzed in the face of changing power demands.
B. Theoretical Background
Compensation is made by the help of static controllers and power electronics elements to improve the controllability of the power transferred by the power transmission lines and to provide the reactive power demand of the system quickly. Shunt reactive compensator devices can be designed with switching type converters. FACTS devices can produce and consume reactive power utilizing switched converter circuits without the need for capacitor or reactor groups in the compensation of transmission lines. Sine FACTS devices, which constitute modern compensation methods, react in a short time, the controllability of each phase separately, can compensate unbalanced loads, the use of these devices is an essential [20] . These devices increase the stability limits of the transmission lines when used properly. Today, many power flow controllers have been developed under the name FACTS. The most commonly used ones are; Static Var Compensator (SVC), Thyristor Controlled Series Capacitor (TCSC), Static Compensator (STATCOM), Combined Power Flow Controller (UPFC), Phase Shifter and Static Synchronous Serial Capacitor (SSSC).
The SVC is part of a family of FACTS devices that can be connected in parallel to the power system to generate or consume reactive power to control power system parameters, such as voltage. Its primary purpose is to produce and consume fast effective, precise and adjustable continuous reactive power to the system, have a high response time, operate in an unlimited range, are safe and have operational flexibility [21] . SVC is also used for dynamic power factor correction when the demand for reactive power in large industrial plants is high, SVC increases the power factor of the plant, minimizes voltage fluctuations at the input of the plant and reduces the operating costs of the plant. It's mainly used in SVC power systems for the voltage control and system stability improvement.
The operating principle of the SVC element is based on obtaining shunt impedance of variable value by inserting and removing the capacitors and reactors into the network depending on the calculated trigger angles. Reactive power can be adjusted in a wide range from maximum capacitive reactive power value to maximum inductive reactive power value in the busbar to which static VAR generator is connected with an appropriate triggering [22] . The inductance determines the capacitive or inductive operation of the device. The value of inductance is determined by the following equation [23] . Fig.1 . SVC Connection Structure [24] STATCOM, known as Advanced Static Var Compensator (ASVC), is a FACTS controller, which is controlled to draw reactive current from the power system and connected to an inverter between a dc energy storage element and a three-phase system. A shunt is connected to the STATCOM transmission line, regulating the voltage of the transmission line at the connection point by drawing a controlled reactive current from the STATCOM transmission line [25] . A STATCOM controller consists of a connection transformer, voltage source inverter, and DC energy storage element (Fig.2. ). Since the energy storage element is a tiny capacitor, it can only exchange reactive power. Fig.2 . STATCOM circuit diagram [26] The controller used in the simulation is the AC voltage control mode. The power is divided into two main parts. One is for an angle order, and another is for the rule of modulation index. The angle is ordered in such a way that the net real power absorbed from the line by this shunt FACTS device is equal to the losses of the converters and the transformer only. The remaining capacity of this shunt converter can be used to exchange reactive power with the line so to provide VAR compensation at the connection point. The reactive power is electronically provided by the shunt converter and the active power is transmitted to the DC terminals. The shunt converter reactive current is automatically regulated to maintain the transmission line voltage at the point of connection to a reference value. The line voltage and DC link voltage across capacitor are measured to calculate the amount of reactive power to regulate the line voltage, and consequently, the modulation index is varied in such a way as to calculate reactive power can be injected at the point of connection, and thus the shunt FACTS device acts as a voltage regulator [27] . Fig. 2a . Block diagram of STATCOM Controller [27] Varying the amplitude of the 3-phase output voltage of the voltage-driven inverter, STATCOM can be controlled whether to generate or draw reactive power. If the output voltage (V 0 ) of the inverter is greater than the ac system voltage (V ac ), then the ac current (I ac ) flows from the inverter to the ac system and generating reactive power via the transformer reactance. In this case, the inverter generates capacitive current for the ac system at an angle beyond its voltage. If the amplitude of the inverter output voltage is smaller than the ac system voltage, the ac current flows from the ac system to the voltage source inverter. And hence, the inverter draws an inductive current at an angle behind the voltage and consumes an inductive reactive power. If the output voltage of the inverter and the amplitude of the ac system voltages are equal, there will be no ac current flow from the inverter to the ac system. In short, the inverter will not produce or consume reactive power [28] . At low voltages, STATCOM current supply capacity is much better than SVC. STATCOM can provide either full capacitive or full inductive output current at any system voltage. The amount of reactive power compensation provided by STATCOM is higher than the amount of reactive power provided by SVC. Since at a low voltage level in the SVC, reactive power decreases proportionally with the square of the voltage, while STATCOM decreases linearly with the voltage. This makes STATCOM's reactive power more controllable than the SVC [30] .
III. SIMULATION STUDIES
A. Modeling
The realistic field data of the West Mediterranean Denizli energy transmission model is used to model the pilot power system region. The energy transmission model was created using the Dig-SILENT Power Factory program (Fig. 14) . FACTS devices are connected to transformer substations and load flow analysis and voltage fluctuation controls are implemented. SVC and STATCOM which are FACTS controllers were connected to the power grid and analyses were carried out for various situations such as voltage drop and instantaneous power generation. The effects of the results on increasing the reliability and stability of the system and limiting the effects of faults and hardware defects were investigated. Moreover, increasing the stability of the voltage and power control of the Turkish interconnected system leads to more continuous, efficient, quality and economical way of providing electrical energy. Since the SVC and STATCOM devices are connected in parallel to the electrical power system, no auxiliary virtual bus is needed. In the modelling, lower and upper voltage limit values are defined as (0.9-1 pu) and (1-1.1 pu) for the 160 kV (1 pu) base voltage value. Capacitor banks, SVC and STATCOM devices are modelled separately in Denizli-1' bus bar. The simulation study was carried out with balanced 3-phase system voltages during 4-second steps over a total of 20-second operation duration in the case of one of the transmission lines (Denizli-2, Denizli-4 line-2a) of the Western Mediterranean region is out of order. The loading range of line and busloads of the energy transmission system varies between 15% and 20%, voltage is 1 pu, and the system production is 9,12% for G1 (Generator 1), 68,41% for G2 (Generator 2), and 74,39% for G3 (Generator 3). Voltage simulation values of Denizli-1, Denizli-4, and Acarsoy. In case of steady state or transient failures, the voltage fluctuations of the energy transmission system network of Denizli-1, Denizli-4, Acarsoy, and Mains bus bars have been analyzed.
B. Simulation Results
The effects of Capacitor Banks, STATCOM and SVC on the stability limits of the system against voltage collapses and also the elimination of voltage oscillations after the disturbing effects such as faults have been evaluated. The optimum reactive power value supported from capacitor banks are obtained as 17.2 MVAr. Therefore, capacitor banks are adjusted to inject 18 MVAr to the power network. The line voltage stabilities improve by the help of FACTS devices (Fig.4.) . STATCOM provides more stability and also faster reaction time compared to SVC device (Fig.5.) .
The voltage-loading curves for the most critical bus bars with voltage regulation problems have been evaluated in the modelled Western Mediterranean electricity transmission system. When SVC and STATCOM systems are inserted to the power system, their contribution to the reactive power has been examined and to what extent the system increases the loading limits in case of failure of the lines supplying Denizli-1 bus bar has been investigated (Fig. 6.) . The load flow study has been implemented at the fault case and Denizli-1 bus bar is obtained as the most critical bus bar. The voltage stability fluctuation has been shown when SVC or STATCOM is added to Denizli-1 bus bar in case of different disturbing effects in the system. As a result of load flow analysis, SVC and STATCOM were added in parallel to the required bars, and by providing voltage regulation, the points where the system suffered voltage collapse were identified and the effectiveness of FACTS devices at this point was evaluated. The SVC and STATCOM controllers have been significantly increased the reliability of the system against voltage collapses. STATCOM shows better performance and operates more stable in reactive power loading situations, and also provides the best power transfer in terms of active and reactive power values according to the simulation results. Required reactive power compensation is rapidly achieved with STATCOM, and despite sudden load changes and different load characters, it provides the desired reference voltage value of the bus bar.
When the rotor angle and rotor speed oscillations of the generators are examined, it is seen that their contribution to the oscillation suppression improves the generator voltage stability and helps to increase the reliability and capacity of the power system ( Fig. 7. & Fig. 8a, 8b) . With the use of STATCOM, inductive and capacitive energy is given to the pilot power system, making the system work much more stable. 
C. Factors Causing Technical Losses in Electrical Grids
The characteristics of a power system change with time as the load grows and production increases. If the transmission facilities are not sufficiently developed, the power system becomes weaker against the steady state, and transient state problems and the stability limits are narrowed [31] . Transmission system limitations may include one or more characteristics such as steady state power transfer limit, voltage stability limit, dynamic voltage limit, transient stability limit, power system surge damping limit, loop flow limit, thermal limit, and short circuit current limit. Each transmission barrier or regional restriction has one or more level problem stages [30] . In each application, a FACTS controller is used to alleviate certain transmission limitations, to facilitate distribution of production, and to provide adequate system reliability [32] . Losses in electrical systems can be analyzed in three main categories as production, transmission, and distribution losses. The majority of electrical losses occur in transmission and distribution systems. Approximately 6% of the generated electricity is due to internal loss and internal consumptions [33] . Therefore, the reduce of electrical losses is of great importance for the efficiency of electrical energy systems. Reasons for technical losses in electrical systems can be categorized as harmonic distortion, improper grounding of consumer loads, overloaded and long phase lines, voltage drops and use of non-standard equipment, reactive power drawn from the electrical grid [34] . Fig. 9 and 10 denote that STATCOM technology automatically activates and deactivates this process much faster and more stable than SVC devices, and hence minimizing losses and increasing the operating limits of the modelled transmission system. STATCOM, which has a flexible working structure, is more effective than SVC in reducing losses.
The effects of active and reactive power flow and the critical power system parameters such as total transmission losses on the transmission line are investigated when FACTS devices are inserted. In the usage of SVC and STATCOM, the differences of consumed and generated average active power were 0.9361 and 0.645 MW/h respectively ( Fig.9. & 10. ). STATCOM provides 31.09 % more achievement with respect to SVC device, and this corresponds to 0.2911 MW/h less generation and consumption loss. In the simulation study, line faults resulted in critical increases in generator loadings. Reactive power loadings may be reduced by the usage of capacitor banks, SVC, and STATCOM. The total reactive power generation of three generators after the faults are 24.139, 22.249, and 19.389 MVAr for capacitor banks, SVC and STATCOM, respectively. The results depict that the lowest reactive power necessity of the power network before/after the line faults occurs when STATCOM device is used ( Fig. 11 ., 12. & 13.) .
The comparison of reactive compensation devices such as capacitor banks, SVC and STATCOM on active and reactive power loadings and reactive power losses are shown by Table  I . Active power loadings, capacitive reactive loadings, and reactive power losses of the transmission lines have been reduced by SVC/STATCOM devices 0.24%, 0.55%, 1% respectively. SVC and STATCOM devices decrease the loadings and also reactive power losses more than capacitor banks. Considering the all Turkish electrical power system, these reductions in losses are going to constitute a very substantial economic benefit. Voltage stability of the grid was provided as a result of STATCOM and SVC use of the power system model of the Western Mediterranean region electricity power transmission system of the Denizli region. Fluctuations of voltage stability in case of system overload or failure have been analyzed. Voltage and power stability values of the lines, and voltage values of load bus bars have been obtained for the generated power system model. Bus bar voltages are shown by using Capacitor, SVC, and STATCOM devices before and after faults (Tables II and III) . As can be seen from the results, the STATCOM device regulates the voltage much better than SVC and capacitor banks. Bus bar voltages are hardly affected by the fault thanks to the use of STATCOM (Table III) . 
IV. CONCLUSION
Implementing voltage and reactive power control by SVC/STATCOM controller in the power system, technical losses can be reduced, and electrical energy can be transmitted in a stable, controlled, and most economical way. Results denote that the sensitivity of voltage and reactive power control are improved and the production and consumption balance become more stable by the usage of FACTS devices. When the modeled pilot region is evaluated in terms of oscillatory operation and voltage drop, FACTS devices can increase the maximum load point of the system against voltage collapse more than the continually operated capacitor banks. In case of failure of one of the lines in the network, it has been determined that FACTS devices can suppress oscillatory operation mode, which occurs at bus voltage, generator rotor speeds, and rotor angles. Results show that STATCOM and SVC systems increase the maximum load and limits, improve the stability limits in the case of a disturbing effect on the power system, and prevent the voltage collapse under overload conditions. The reactive power losses and correspondingly the electricity costs may be reduced by 1 % by SVC/STATCOM devices. STATCOM controllers have % 31.09 higher performance compared to SVC at assuring the energy production and consumption balance.
